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8 April 1953 

Physics Department 

TO: Office of ITaval -tesearch 
Department of the Haw;'' 
1000 Geary Street 
San Francisco 9» California 

FWIU ~W. P. Dyke 
Head, Fiiysics Department 
Linfield College 
licliinnville, Oregon 

SJT3J3CT* Ouarterly Status Report, Project H8-onr-?2l*Gl 
Period from 1 January 1953 to 1 April 1953• 

The work under subject contract during subject period has concerned 
a further study of phenomena accompanying the field emission of very 
large current densities. This work has.-included the completion of a 
comparison between experiment and theoretical study-concerning tfee 
effects of space charge on field emission. A new theoretical tjeajsraent 
of the emission of electrons from metal in the presence of high temperatures 
and higl. electric fields has been completed. A comparison between that 
theory and new experiments is well along towards conr-letion. Two 
additional publications have been submitted concerning the field emission 
initiated vacuum arc between metal electrodes in Y igli vacuum. Other 
publications are in progress. Dr. W* W. Dolan of the I.'athematics Department 
of the Ccllege has replaced Mr. Barney on the pi iect payroll for the time 
being in order to expedite the foregoing theoretical studies. 

1. PUBLICATIONS. 

The paper "Field Emission: Large Current lensities, Space Charge, 
and the Vacuum Arc" by Dyke and Trolan appeared in the 15 February 1953 
Physical Review. Reprints are available and covers are being prepared 
in order to circulate these reprints to the subject project distribution 
list as Technical Heport ''2. 

The paper "The Field Emitters Kicroscopy, Fabrication and Electric 
Field Calculations" by Dyke, Trolan, Dolan and Barnes, is scheduled 
for publication in the May issue of the Journal of Applied Physics» 

The papers "On the Field Emission Initiated Vacuum Arc", Part I by 
3yke, Trolan, Martin and Barbour, and Part II by Dclan, Dyke and Trolan 
have been submitted for publication in the Physical Review, 

' m      111 III I     ••!•     W^l. E-..— 
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At low voltage the positive terns cf Eq. (1) are ne<jli ible,  aid 
the relation reduces to V B FgX, the expected form in the absence of 
space charge.    At sufficiently high V, the negative terms are negligible, 
and the equation reduces to ar equivalent of Child's equationt 

J = (U/91oc2) V3/2 , (2) 

which ia well known in thermionic emission.    At intermediate voltages 
solutions of Eq. (1) nay be obtained tn' numerical *pproxiraatian, and the 
results plotted in ^erme of 2og J *«• 1Sr/t for comparison with the 
Fowl er-ilordhelm characteristic.   Such a comarison appears in Figure 1. 
In the figure, A£ is the ejected Fowlar-Najdheim line without space 
charge: 3D ia a graph of Child's equation (2); ACD is the graph of 
3q. (l)»   In this calculation the value of x is so chosen that the 
surface field (gpece charge neglected) is equal to that encountered in 
a given experiment j this requires that x • 1//J   where /Via the geometric 

__ factor defined by P « AV. ' 

i 

Figure 2 la arconr>ariaon of the experioental data already cited fr^c 
a previous report ***, T.lth the corresponding curves predicted by Kq. (l). 
The various work functions 0 in Curves 1-U correspond to different degrees 
of barium coating on the tungsten emitter.    The experimental points have 
been re-plotted in terms of log J instead of log I by use of the emitting 
area as revealed through electron micrographs.   Curve $ ia a graph of 
Child's equation for com;>arisoru 

Figure 3 ia a series of plots using the present theory (Eq. 1) for 
work functions U#35, U.SO» and U.6|> ev, corresponding respectively to 
accepted values for the (310) crystal face of tungsten, the average value 
in the neighborhood of 20 K.V.    The value of /£  here used was that for 
Bnitter 0-^6.    Emission pattern photographs of this emitter (not reproduced 
here) shorr that the usual dark areas characteristic of the v.'eakly emitting 
(21.1) crystallographic direction disappeared at about 19 II«V», when the 
entire pattern was nearly uniform except for the central (U0) spot, whose 
work function is thought to bo 5.0 ev or higher.    This observed ^vfash-out" 
of pattern detail is thus demonstrated to be consi?tent .with the present 
theory. 

As noted above, this work is in preparation for submission to the 
Physical Review.    The adequacy of the present theory to account for the 
observed" experimental results suggests that further vork concerning the 
effects oT space charge ;>n the cold cathode field emission 'ill nou be 
required at this time.    Project effort will instead be concentrated on 
problems described in the following sections. 
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3*    THS SOS&ION OF ELECIEKEE FROM METAL ff? HISII TBIHBMirBgB jjg 

Previous reports and published papers (see reference 1, also 
paragraph Iskerewtth)have pointed out e^erasentiai evidence that the 
normai^^iidlemisfiion is appreciably increased ttitsri: the emitter is 
res^sti^ly: heated leading to electrical breakdown*.   Since the existing 
literitturs contains only scattered and partial theoretical trea^e^s of 
ejaj^gion^i^ar: siimiltanaotts-r-high field and high temperature> an ihvesti« 
g*txbh: of ^^ problem h^#-bem undertaken here* 

K^xgener^ principles-of such emission; are -roll lcnov.'n.   The current 
dsnsity JHs ^iven by an^integral, ofrtha form 

Eere/erfisja S^^^^is^^f^^^^^^-x^S^gJa^t&e variable^ ^    jLs 
electron energydue to motion normal to the'metsi surfacer-measur5d: ; 
from anlsprigiaat the toprEermi level*   -The- function A( e ^represents 
the supply of _eleetrons^in the metal based, on the Jeri^-5lrac^statistic^, 
distribution, and is.a function of temperature T.    Qf^Ois "the transmission 
rce^ficient or: probability of penetration of the si^rface potential 
barrierj it isthe/function of surface electric field F but not of S*~ 
33( &X has been J?^iously calculated bj"- several authors* vjhose_results are 
hot in serious d^a5reemeh^_^S^^f^ratused here is. that of-SoimaerfeL3L 
ahd_^Dethe,  ^H/j and itr'-.shouldi be. pointed out that Results depend ^on-ths 
assumption of a potential hai^err compatible Kith theirs* 

ifiie product AC^)3(?T^-S not readily integratefbifa the general" 
case, though results for the extreme-oases ^Jhi^^ii^^^.F-y'pSe 
thermionic emission") and of high F/and;.lcmf T ("cold f ield emfesiloh"')are 
well known,    numerical integration of the function in the general; casej 
using Si-a .'son's formula, has been used here Kith accvracy at least comparable 
with that of the corresponding experimental data*    The predicted results 
for a variety of temperatures and fields, as applied to pure tungsten of 
work function 0 a iu£o ev,  are graphed in Figure h.   This figure co^ares 
favorably with the corresponding results of Guth and liullin *<? over the 
restricted range possible bv their method. 

It is notable that the temperature effect is very great at fields 
near the lower limit of present experimental work, decreasing to an 
almost negligible effect at the upper limit of the range.    Experiments 
are in progress for the verification of this theory; early results indicate 
general agreement 

U.    A. Sommerfeld and II. 'tethe, Ilandbuch der Physik (J. Springer, Berlin, 
1933), Vol. XXI?, No. 2, p. bkl. 

5.    E. Guth and C. J. i-Iullin, Phys. ,tev. 6l;, 339 (I9k2). 
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Incidental to the integration process, curves have been  dravm for 
the energy" distribution of the emitted electrons (the areas under these 
are proportional to current density). The curves are of interest in 
themselves as giving an accurate description of the shift of the enersy 
level of maximum emission from near the Fenai level for low temperatures 
to the top cf the potential barrier for high temperatures. 

A considerable experinental program, is needed to verify several 
aspects of "0M-'"theory* 

r7,-P. DyKe 
director of Research 
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Figure 1 
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